Lipases are versatile biocatalysts that can perform innumerable different reactions. Their enantio-, chemo-and stereo-selective nature makes them an important tool in the area of organic synthesis. Unlike other hydrolases that work in aqueous phase, lipases are unique as they act at the oil/water interface. Besides being lipolytic, lipases also possess esterolytic activity and thus have a wide substrate range. Hence, the lipase assay protocols hold a significant position in the field of lipase research. Lipase activity can be estimated using a wide range of assay protocols that differ in terms of their basic principle, substrate selectivity, sensitivity and applicability. As the value of these enzymes continues to grow and new markets are exploited, development of new or improved enzymes will be a key element in the emerging realm of biotechnology. Hence, development of faster and simpler protocols incorporating newer and more specific substrates is the need of the hour. In this endeavour, methods that could be adopted for molecular screening occupy an important position. Here, an overview of the lipase assay protocols is presented with emphasis on the assays that can be adopted for the molecular screening of these biocatalysts.
Introduction
Lipases are an important group of biocatalysts with an unsurpassed role in swiftly growing biotechnology that is based mainly on their remarkable ability to carry out novel reactions both in aqueous and non-aqueous media. Lipases (triacylglycerol acylhydrolase ; EC 3.1.1.3) catalyse the hydrolysis of triacylglycerols to release free fatty acids and glycerol. This hydrolytic reaction is reversible, and in the presence of decreased amounts of water, often in the presence of organic solvents, the enzymes are effective catalysts for various inter-esterification and trans-esterification reactions [1] [2] [3] [4] . Lipolytic reactions occur at the lipid\ water interface where lipolytic substrates usually form equilibria between monomeric, micellar and emulsified states. Further, lipases show extreme versatility regarding fatty-acyl-chain-length specificity, regiospecificity and chiral selectivity [5] . Owing to their immense importance, these multi-faceted enzymes have tremendous potential in areas such as food technology, detergents, the chemical industry and biomedical sciences. Hence reviews on lipases for several years have focused on their biotechnological impetus [6] [7] [8] [9] .
The latest trend in lipase research is towards the discovery of novel enzymes and a greater understanding of previously discovered enzymes and their functional significance using molecular tools such as recombinant DNA technology, random mutagenesis, site-directed mutagenesis and protein engineering [10] . Lately, directed evolution has emerged as a key technology to generate enzymes with new and improved properties [11, 12] . An emerging area of interest is the metagenome approach to tap the microbial sources of novel enzymes from the hitherto undiscovered wealth of molecular diversity [13] .
Thus with the advent of rapid methods for discovering novel enzymes or altering the properties of enzymes, there is paramount interest in the development of screening tools that can be used to search for the best performance with respect to specific property. An efficient screening or selection system is an absolute prerequisite to identifying the lipase-producing species\clones from a diverse population as well as to pinpointing enzyme variants that display the desired properties during molecular screening. With this viewpoint, in the present review on lipase assays, besides conventional procedures which have also been discussed by Verger's group [5] , equal emphasis has been placed on procedures adopted for molecular screening of lipases.
or fatty acid esters. Further, since lipases act at the oil\water interface, change in the properties of the interface is an important criterion for measuring lipolysis.
Estimation of fatty acids released
The fatty acids released by lipase-mediated hydrolysis can be determined qualitatively by gel-diffusion assay and quantitatively using (i) titrimetry, (ii) colorimetric assays, (iii) fluorescence, (iv) chromatographic procedures (TLC\ GC\HPLC) and (v) immunological methods.
Qualitative estimation : plate assay Lipase-producing strains from a wide population are conventionally screened on tributyrin (tributyrylglycerol) agar plates. A zone of tributyrin hydrolysis is indicative of either esterase or lipase activity. More recently, agar plates supplemented with olive oil have also been employed for screening lipase-positive colonies [14] [15] [16] .
Gel-diffusion assay has been widely used to screen lipases in culture supernatants of various microbes as, on the lipolysis of triacylglycerol, a clear zone is produced [17] [18] [19] . Alternatively, an indicator is added to the agar that in turn forms complexes with the acids, and a coloured zone is produced. The indicators used are Nile Blue Sulphate [20] and Victoria Blue [17] . These tests are very convenient for fast screening of lipolytic microbes growing on agar plates. However, some false-positive results can result from acidification of the medium due to the generation of acidic metabolites other than free fatty acids that are released by microbial lipases.
To overcome these limitations, Kouker and Jaeger [21] employed the fluorescence dye Rhodamine B to observe the zone of lipolysis as an orange fluorescence under UV light at 350 nm. Rhodamine forms a fluorescent complex with free fatty acids. Thus the lipase-producing colonies give a flourescent halo that is visible under UV light. In place of triolein (trioleoylglycerol), olive oil has also been used in the agar medium. This process has been used recently by Jette and Ziomek [22] and Jarvis and Thiele [23] . This fluorescent dye method allows quantification of very minute levels of lipase activity.
Quantitative estimation : titrimetry This is one of the oldest and most widely used quantitative assays, on account of its simplicity, accuracy and reproducibility. This is a reliable technique for characterizing lipase action and specificity, as well as the interfacial activation phenomenon [24] . Triolein (or, as a cheap alternative, olive oil, which contains 70 % triolein) is a generally used, internationally accepted substrate [25] . Morever, tributyrin, triacetin (triacetylglycerol) and tripropionin (tripropionylglycerol) can also be used as substrates for the estimation of enzyme activity [26, 27] . However, lipases have a higher rate of hydrolysis on longerchain triacylglycerols such as triolein as compared with shorter triacylglycerols. The pH-stat method is a highly sensitive as well as a quantitative method that can measure the release of even 1 µmol of released fatty acid\min [8] . However, at a pH value of less than 7, where free fatty acids are not fully ionized, pH-stat titration is either inaccurate or impossible to perform, even after introducing a correction factor [28] . Here the lipase activity is determined by simple titration of the assay mixture to pH 9.0\10.0 after stopping the reaction by ethanol [29] [30] [31] [32] or by adopting the American Oil Chemists Society acid value method. Here, a sample is drawn and mixed with propan-2-ol and toluene and titrated to a phenolphthalein end point. This method is often used to measure free fatty acids in crude and refined fats and oils [33] . One unit of lipase activity is defined as the amount of enzyme that catalyses the release of 1 µmol of fatty acid from olive oil\min per ml under the standard assay conditions [34] . However, titrimetry is extremely laborious and timeconsuming. Colorimetric and fluorimetric assays provide the option of simpler and more rapid assays, although the substrates are expensive and therefore not used as widely as the standard assay protocols.
Quantitative estimation : spectrophotometric assay p-Nitrophenyl esters of various-chain-length fatty acids are generally used as substrates and release of p-nitrophenol is measured spectrophotometrically at 410 nm [35, 36] . Short-chain esters are water-soluble and therefore their hydrolysis provides a measure of esterase, rather than lipase, activity. However, p-nitrophenyl palmitate is used to measure lipase activity. A major limitation of this assay is that the enzymic reactions cannot be performed at acidic pH owing to the lack of absorbance of p-nitrophenol at acidic pH [37] . Thus enzyme activity at only neutral and alkaline pH values can be ascertained by this procedure. For acidic enzymes, this assay has been used by raising the pH of the reaction mixture after culmination of the reaction. Another important consideration while performing this assay at different pH values is that p-nitrophenol has different absorption coefficients at different pH values. Therefore standards at the appropriate pH value should be incorporated into the assay protocol.
Colorimetric assays are based on hydrolysis of the colourless ester β-naphthyl caprylate (octanoate) to yield coloured β-napthol, which is measured spectrophotometrically at 560 nm, [27, [38] [39] [40] . α-Naphthyl esters such as α-naphthyl acetate, naphthyl propionate and naphthyl butyrate are also used as substrates.
Other assays based on the formation of a copper soap of the fatty acid in the presence of a dye indicator [41, 42] and based on the metachromatic properties of the cationic dye Safranine [43] have also been used by some researchers. However, such assays are not routinely used in laboratories.
Besides measurements of the coloured product, spectroscopic assays are also based on precipitation of fatty acids with calcium or copper. von Tigerstrom and Stelmaschuk [44] have described a method that involves precipitation of fatty acids released by Tween 20 hydrolysis, with CaCl 2 , and the increase in absorbance is measured at 500 nm. The enzyme reactions were linear with time, at least up to an A 500 value of 1.2, and were proportional to the enzyme concentration. This turbidimetric method is much simpler and at least 36 times more sensitive than the titrimetric assay with Tween 20, and at least four times more sensitive than a spectrophotometric assay with p-nitrophenyl palmitate.
Quantitative estimation : fluorescence assay Fluorescent compounds have also been used for lipase assay. The method involves measurement of the fluorescent fatty acid released because of lipase activity [45, 46] . In this method described by Wilton [45, 46] , quantities as low as 20 pg of purified porcine pancreatic lipase could be detected. It is also possible to use triacylglycerols having one of the alkyl groups substituted with a fluorescent group such as pyrenyl [47, 48] . Duque et al. [49] developed an assay using fluorogenic and isomerically pure 1-(3)-o-alkyl-2,3-(3,2)-diacylglycerols as substrates. This lipase assay is continuous and does not require separation of substrate and reaction products.
A non-fluorescent substrate 4-methylumbelliferyl oleate has also been employed to release highly fluorescent 4-methylumbelliferone after lipase action [50] . Roberts [51] developed a rapid and highly sensitive fluorescence-based assay using 4-methylumbelliferyl butyrate. This method could detect low lipolytic activity (10 nmol\h per ml) and was 6000-fold more sensitive than conventional titration, which measures activity in the range of µmol\min per ml.
A quantitative fluorescence lipase assay based on the interaction of Rhodamine B with fatty acids released during the enzymic hydrolysis of triacylglycerols has been described by Jette and Ziomek [22] . The assay is linear over the range of 0.5-2 mM oleic acid and 0.05-1 µg of pure lipase. The method allows flexibility in the choice of substrate. A large number of samples can be assayed simultaneously, making it practical for assaying lipase activity in column fractions during purification. This method is rapid and can be automated further.
Quantitative estimation : chromatographic procedures Chromatography is a conclusive method for direct determination of the release of fatty acids following enzyme-catalysed hydrolysis of a lipid substrate.
TLC : a quantitative analysis of the released free fatty acids from triacylglycerols can be carried out using densitometric or autoradiographic methods with radiolabelled triacylglycerols. These methods are very sensitive and can detect fatty acid to a few picomol [52] . The main disadvantage is that these procedures are very time-consuming and discontinuous.
GC : in the official American Oil Chemists Society method, the fatty acids are converted into their methyl esters and subjected to quantification by GC. Recently, Bereuter and Lorbeer [53] have developed a temperaturebased GC procedure to assay the activity and selectivity of lipases, and to test various reaction conditions. HPLC : the product of lipolysis can also be easily identified using HPLC and has been used for lipases from Pseudomonas sp., Candida rugosa, Rhizopus arrhizus, Geotrichum candidum [54] and Penicillium sp. [55] .
Quantitative estimation : immunological methods Immunological methods or ELISA-based procedures are highly specific and sensitive and can be adopted easily. Indeed, they have been used for detection of lipases in Staphylococcus aureus [56] . However, they could not be adopted as routine laboratory assays, since a purified enzyme sample as well as the raising of poly-or mono-clonal antibodies are prerequisites. Several ELISAs have been developed specifically to quantify amounts of pure lipases, e.g. human pancreatic lipase, human gastric lipase, lipoprotein lipase and hepatic lipase [57, 58] . Extending the conventional ELISA technique to specific lipases, Aoubala et al. [59] developed two sandwich ELISA techniques for evaluating the interfacial binding of human gastric lipase to lipid monolayers. This assay made it possible for the first time to measure the enzymic activity of the lipase on dicaprin (didecanoylglycerol) monolayers as well as to determine the corresponding interfacial access of the enzyme.
Lipase assays based on the properties of the interface
Lipases act at the oil\water interface and hence the interfacial surface pressure is an important criterion for measuring lipase activity. Activity at the interface is solely the property of lipases and thus is indicative of true lipases.
Monomolecular film technique
This technique has been used primarily to study lipolysis at the lipid\water interface and specifically for a quantitative investigation of interfacial regulation [8, 60] . This method is highly sensitive, and very low lipid amounts are required to perform reliable kinetic measurements. However, in terms of the amounts of lipase used, the monomolecular film technique requires as much lipase as the pH-stat method (0 .1-1 µg\assay) . Moreover, this technique is not widely used mainly because elaborate and extensive set-ups are required for accurate estimation of lipolytic activity.
Oil-drop method
The change in surface tension of a lipid monolayer caused by lipase-mediated hydrolysis can be monitored by the oil-drop method [61] . This method consists of forming an oil drop in a syringe containing the oil.
The shape of the oil is directly correlated to the interfacial tension of oil\water. When no detergent or fatty acid is present in the medium, the drop is shaped like an apple. Lipase added to the water phase binds to the oil\water interface and hydrolyses the substrate. The released products remain in the interface and consequently the interfacial tension decreases. The shape of the drop changes to a pear form and at a certain point leaves the support. A computercontrolled device has been developed for measurement in this type of lipase assay [62] .
As compared with the other interfacial techniques, the oil-drop tensiometer presents the unique advantage of being able to monitor lipase activities on natural long-chain triacylglycerols at a closely controlled oil\water interface [63, 64] . However, the oil-drop methodology requires the oil to be freed carefully from any natural tensioactive compounds such as free fatty acids and di-and monoacylglycerols because of the amphipathic character of these contaminants, which might decrease the initial interfacial tension. Clean materials and equipments are also a strict requirement for the oil-drop methodology to give reliable results.
Atomic force microscopy Atomic force microscopy has been used for studying the enzymic hydrolysis of mixed bilayers of acylglycerols\phospholipids by Humicola lanuginosa lipase. Mica-supported lipid bilayers are hydrolysed by H. lanuginosa lipase and, as the products dissolve in buffer, regions of the bilayer with deep defects are detected by the atomic-forcemicroscopic tip. Increases in the areas of the holes in the lipid bilayer are recorded as a function of time and specific activity of the enzyme is thus estimated, assuming one molecule of lipase to be acting in each hole. These data provide the first nanoscale picture of the kinetics of lipid degradation by lipases [5] .
IR spectroscopy A continuous assay for measuring lipasecatalysed hydrolysis of triacylglycerols in reverse micelles using Fourier-transform IR spectroscopy was developed by Walde and Luisi [65] . Lipolysis can be monitored by recording the Fourier-transform IR spectrum of the entire reaction mixture. Fatty acid esters and free fatty acids (peak maximum at 1751 and 1715 cm − 1 respectively) can be quantificated on the basis of their molar absorption coefficients and Beer's law. This method was applied to measure the lipolysis of various substrates (e.g. trioctanoylglycerol and vegetable oils).
There exist other methods, such as NMR, for quantifying lipase activity in biphasic microemulsions [66] , or IR spectroscopy, for measuring lipase-catalysed hydrolysis of triacylglycerols in reverse micelles [65] . A conductometric method has been described using a short-chain substrate triacetin [67] . Amaya et al. [68] have reported the use of lipase-catalysed synthesis of octyl linolenate in a hexanemicroaqueous reaction system as a new assay method for lipase activity in organic solvents.
From the foregoing description it can be concluded that there are several methods available for lipase assay (Table 1) . However, the method to be selected depends upon the user's requirements and available resources. Of all, titrimetry is the most reliable and widely used procedure involving hydrolysis of fats and oils. Besides this, the p-nitrophenyl palmitate assay is important when handling large numbers of samples.
Once a lipase has been identified, its biocatalytic utility depends upon its substrate specificity, positional specificity and enantioselectivity. The major usage of lipases is expected to be in the pharmaceutical sector due to their chiral selectivity, which makes them indispensable biocatalysts. However, the methods available for testing the enantioselectivity of lipases are generally expensive as well as needful of sophisticated instruments like HPLC. Therefore, the future goals of lipase research are to develop inexpensive and quick assays for testing the enantioselectivity of these enzymes. Further, a more sensitive method needs to be developed to detect small amounts of enantioselective activity [10] . Selection of relatively cheap and pure enantomeric compounds coupled with an efficient screening system should form the basis of selection of a highly efficient enantioselective catalyst.
Qualitative testing for enantioselectivity
This is used where lipase-catalysed resolution of racemic esters for the production of optically pure carboxylic acids or alcohols is the desired transformation. For this, suspensions of the enantiomeric esters in an agar medium are placed in simple Petri plates. Solutions of the enzymes are added and clearing of the treated areas is observed visually. If the pure enantiomeric ester is hydrolysed, the products of hydrolysis (that is, a fatty acid and an alcohol) are soluble in the medium, causing the treated area to clear. If no reaction takes place, the area remains translucent [4, 69] .
Quantitative testing for enantioselectivity
Ader et al. [69] have developed a facile screening system based on the enantioselective separation of reaction products by HPLC on chiral supports. Using a commercially available column (Chiralcel OB) all products resulting from the enantioselective enzymic hydrolysis were separated simultaneously. A direct determination of the achieved conversions, as well as configurations and enantiomeric purities of both substrates and products, can be achieved in one single experiment. The obtained data allow rapid determination of the enantioselectivities [70] displayed by the employed biocatalysts, and thus a rapid evaluation of their synthetic usefulness. Simple, reproducible and sensitive ; can be used for quantitative assays but often used for plate assays.
[44]
Fluorescence assay Triacylglycerols with alkyl group substituted with a fluorescent group, e.g. conjugated pyrenyl group Flourescent free prenyl groups Shift in fluorescence wavelength after triacylglycerol hydrolysis. Rapid assay, but expensive substrate limits its usage.
[ 48, 48] Non-fluorescent 4-methylumbelliferyl oleate Fluorescent 4-methylumbelliferone Product is analysed, as it is fluorescent. [50, 51] Chromatographic procedures (TLC/GC/HPLC) Triacylglycerols, fats and oils
Fatty acids Analysis and quantification of the product or residual substrate through specific columns. Use depends upon availability of the instrument.
Time-consuming for routine analysis, but often recommended for substrate-specificity determination.
[ [53] [54] [55] Interfacial pressure : monolayer method Lipid Fatty acids Change in surface pressure due to breakdown of triacylglycerol. Highly sensitive. Elaborate and extensive set-ups required for accurate estimation. [8, 60] Interfacial pressure : oil-drop method Lipid
Fatty acids Oil-drop shape is monitored ; changes from apple to pear shape upon hydrolysis.
Extensive set-ups are required.
[ [61] [62] [63] [64] Interfacial pressure : atomic force microscopy Lipid bilayers Fatty acids Regions of bilayers hydrolysed by lipases showing deep defects are detected by the atomic-forcemicroscopy tip.
Provided the first nanoscale picture of kinetics of lipid degradation by lipases. Sophisticated instruments involved.
[5]
IR spectroscopy Vegetable oils, trioctanoylglycerol Fatty acid esters and free fatty acids Lipolysis monitored by recording the Fouriertransform IR spectrum of the entire reaction mixture.
Expensive and sophisticated instruments involved.
[65]
Molecular screening of lipases
An emerging area of research in the field of enzymology is to develop radically different and novel biocatalysts through various molecular approaches such as recombinant DNA technology, protein engineering, directed evolution and the metagenomic approach. The success of the molecular approach involves the proper combination of molecular biological techniques coupled with efficient high-throughput assays for lipases with newer and improved properties [12] . Efficient screening procedures have to handle every single member of a given library of potential candidates and identify the biocatalyst that possesses the desired properties. By and large, this employs a number of enzyme assays described earlier. However, the prerequisite of such assays is simplicity, rapidity and sensitivity to be able to distinguish a positive clone\protein variant from a massive pool of negative ones.
Various high-throughput screening systems for assaying enantioselective catalysts and enzymes have been dealt with in detail by Reetz [12] . A brief description of the assay systems adopted in molecular screening of lipases is presented here.
Assays for screening enzymic activity
The simplest method to distinguish variants of a colony is based on their enzymic activity on the specific substrates. In this category are placed the widely used agar-plate assay, which involves the appearance of a zone of hydrolysis around the positive colony, or the filter assay. Here, the selection criterion is the enzymic activity of the samples on a specific substrate. These assays are conclusive with respect to the catalytic potential of a clone or protein variant.
Agar-plate assays
The most commonly employed assay procedure for molecular screening of lipases is the agar-plate assay, which involves the appearance of a clearance halo around the lipase-producing colony\clone. Depending on the cloning vector used, the agar medium may or may not contain an inducer, e.g. isopropyl β-D-thiogalactoside is incorporated into the medium when the cloning vector includes the β-galactosidase operon. The tributyrin diffusion agar method is the method of choice for researchers the world over [71] [72] [73] [74] [75] [76] [77] [78] . In addition to tributyrin, other esterolytic substrates are also employed, such as Tween 80 alone or in combination with Nile Blue or Neat's foot oil with Cu 2 + salts [21, 79] . However, as mentioned previously these substrates are easily hydrolysed by esterases and are not indicators of true lipase. Therefore, the clones selected based on these protocols have to be confirmed by some other true lipase assay.
A conclusive lipase plate assay is the trioleoylglycerol\ Rhodamine B agar plate assay described by Kouker and Jaeger [21] . This assay procedure has been used widely to screen lipase-positive clones [14] [15] [16] 78, 80, 81] . However, different researchers have used different concentrations of Rhodamine B in the medium, such as 0.001 % (w\v) [14] [15] [16] 81] and 0.0002 % (w\v) [73] , which could be because lower concentrations of Rhodamine B do not always lead to a clear fluorescent halo. Another drawback of this protocol is that a clear zone is visible under UV light only when a high enzyme titre is obtained. Also, sometimes a non-fluorescent halo due to the hydrolysis of olive oil is visible under visible light only.
Filter assays This is another way to conclusively select positive clones. Colonies on an agar plate are overlaid with filter papers soaked in lipase substrate solutions. Positive clones are detected by development of colour due to the hydrolysis of the substrate by the enzyme. Reiter et al. [82] used Whatman filter papers soaked with β-naphthyl-2-chloro-propionate and Fast Blue B dye to screen for esterase active colonies. Prim et al. [73] confirmed the lipolytic activity of positive clones of a genomic library by using filter paper containing 4-methylumbelliferone oleate as the substrate. A similar method was used by Tan and Miller [76] to confirm lipase activity in a broth culture of recombinant Escherichia coli.
Assays for screening large numbers of samples
Molecular techniques such as protein engineering and directed evolution are based on screening of a massive number of samples. Thus it is imperative to have assay protocols that can rapidly screen a large library and select the desired variants.
Titre plate assays have to a large extent enhanced the probability of discovering desired variants by increasing screening throughput of genetic diversity libraries. Reactions that take place in titre plates allowing for spectrophotometric detection of the products are the method of choice in the development of high-throughput screening methods [83] .
Reetz and Jaeger [10] have described a screening system using p-nitrophenol esters as substrates. The 96-well microtitre plates were loaded with the culture supernatants of mutants followed by the addition of enantiomerically pure (R) and (S) substrates. In this way, up to 48 mutants per plate can be screened. The enzyme-catalysed hydrolysis of each (R)\(S) hydrolysis pair was monitored by detecting the generation of p-nitrophenol by spectroscopy. Using this system about 500-600 mutants could be screened per day by one person. In such systems, fluorogenic substrates can also be applied, the advantage being that only small amounts of the substrate are needed [10] .
Liebeton et al. [84] have used microtitre plates to screen for a mutant producing an enantioselective lipase from a library. Each recombinant colony was resuspended in a well of a microtitre plate filled with the growth medium and the lipase inducer. Following growth, the culture broth was added to two wells of a second microtitre plate containing an (R)-or (S)-enantiomer and the reaction was monitored using a photometer.
Enantioselective reactions can also be monitored by detecting the black-body radiation produced by the reaction of (R)-and (S)-configured enantiomers of a chiral alcohol using an IR-thermographic camera [85] . Reetz and Jaeger [83] detected enantioselective lipases by carrying out acylation of the substrate in a microtitre plate and monitoring the reaction in a time-resolved manner using an IR camera.
The company Biotrove used a 2500-channel nanotitre plate to perform over 30 000 screens in less than 2 days to discover a mutant lipase whose activity was 20-fold higher than the wild-type. The clones from a mutant lipase library were added to the nanotitre plate and the lipase activity in each channel of the plate was inferred by measuring the rate of fluorescence increase following addition of coumarin oleate.
The above assays are useful in systems showing high enzyme expression. However, these protocols cannot be applied to all screening systems because of non-expression of target lipase genes or extremely low and therefore undetectable expression levels. In such cases, selection is based on other protocols such as the detection of enzyme activity in culture broth using assays such as titrimetry or colorimetric assays, HPLC or MS. In other cases, detection is based on consensus or specific DNA sequences such as the N-terminal amino acid sequence or the substrate-binding sequence of the target enzyme using protocols such as colony, Southern or Western hybridization. However, all these protocols have the disadvantage of being extremely time-consuming and laborious. Thus there is a need for assays that are rapid and sensitive enough to be able to detect extremely low expression.
Conclusions
Lipases are the most versatile biocatalysts and bring about a range of bioconversion reactions using a variety of substrates, ranging from lipids to a wide array of esters. In addition, lipases have the unique property of working at the lipid\water interface. Owing to the wide substrate specificity of lipases, a number of assay protocols are employed. However, today the most widely used lipase assay protocol is the titrimetry assay using olive oil as a substrate. Determination of lipase activity at the lipid\water interface is also indicative of a true lipase. However, recent structural studies on several lipases point towards the fact that a number of these differ with respect to their properties. A variety of esters also serve as substrates for lipases. The p-nitrophenyl palmitate assay is the method of choice for estimating the esterolytic activity. However, there is a need to distinguish esterolytic activity of lipases from esterases. Therefore, a number of assay protocols should be simultaneously employed for an enzyme to be conclusively assigned as a true lipase. To make this endeavour possible, there is an urgent requirement for assays that are simpler, more rapid, more specific and which incorporate a wider range of substrates than are currently used.
The most important property of lipases is their enantioselective nature. However, the exploitation of this property is restricted, owing to expensive and inaccessible substrates. Thus the need of the hour is to develop more sensitive protocols involving cheaper substrates so that screening of enantioselective enzymes can be adopted as a routine procedure in lipase research.
The development of enzymes with novel properties by searching the present biological diversity or by creating newer enzyme variants hold a pivotal position in future enzyme technology. However, before the discovery or creation of enzyme variants can be put into practice, more efficient screening methods have to be developed because, until recently, existing screening systems allowed for only a few dozen determinations or selectivity factors per day. Thus all efforts in this field of endeavour depend upon the development of further high-throughput screening systems and the use of different substrates.
